Fifty-six DePuy anatomic medullary locking femoral bipolar prostheses were reviewed clinically and roentgenographically in 50 patients a t a n average follow-up period of 30 months (range, 24-71 months). Forty-four of the implantations were in 40 male and 12 were in ten female patients. Forty-five devices were placed in primary operations, while 11 were used in revisions. The overall average age was 53.5 years. The average Harris hip scores for the primary bipolars were 29.8 preoperative and 77.3 postoperative, while the revision bipolars had Harris hip scores of 35.9 preoperative and 75.1 postoperative. Nearly onehalf (47%) of all primary and 54% of the revision patients experienced pain to some degree on ambulation. Roentgenographically, all femoral components appeared to be well fixed biologically. Roentgenographic changes occurred with time in both primary and revision prostheses. On roentgenographic zonal analysis of primary prostheses, radiolucencies greater than I mm were present most frequently in the most proximal lateral zone and at the distal tip of the prosthesis. Although the use of noncemented bipolar prostheses generally shows acceptable clinical results, noncemented fixed acetabular components with noncemented femoral components produce a more satisfactory clinical result.
Bipolar hip arthroplasty has enjoyed increasing popularity in recent years. A bipolar prosthesis is believed to offer the advantage over an endoprosthetic replacement of decreasing frictional wear of the acetabulum by allowing motion at both the concave and convex surfaces of the cup. Other theoretical advantages include a possible reduction in stem loosening, a decline in incidence of dislocation, and ease of revision to total hip arthr~plasty.~~ While initially used primarily as an alternative to fixed endoprosthetic arthroplasty for femoral neck fractures and avascular necrosis,34 the role of bipolar hemiarthroplasty has been expanded to include treatment of nonunion of femoral neck fractures, femoral head fractures, degenerative hip arthritis, and revision of failed total hip a r t h r o p l a~t y .~, '~. '~.~~. ~~ T h ese conditions are often also indications for total hip arthroplasty using a fixed acetabular component. There remains much discussion in the literature regarding treatment recommendations for the various hip joint patholo-Clinical results of the use of bipolar prostheses have varied widely. Some of the earliest clinical follow-up studies reported results similar to unipolar device^.^'.^^,^^ Comparisons between clinical studies have been made particularly difficult by the variety of hip rating systems employed. May. 1990 Langan4* reported the result of 65 bipolars in 62 patients using the d'Aubign6 and Pos-te126 method of assessment at a 19-month average follow-up period. He reported excellent results with regard to pain in 72% and very good results in 2 1 % of the patients. Motion was found to be excellent in 86% of the patients; however, there was little or no movement of the cup in the acetabulum at the one-year follow-up interval. Two noncemented hips required revision, and there were four dislocations.
Giliberty3' reported a mean Harris hip score of 8 7 in 75 patients with an average follow-up time of three years using the Giliberty bipolar prostheses. Poor results were reported in 8% of the patients. Two patients were converted to total hip arthroplasty secondary to loosened cemented stems, and two were revised secondary to unexplained persistent pain.
Cabanela and VanDemark" reported the results of cemented Bateman universal proximal femoral (UPF) bipolar prostheses in 42 patients with femoral neck fractures and in 28 patients with avascular necrosis in a twoyear follow-up study. In the group with femoral neck fractures, excellent results were achieved in 40 patients, a fair result in one, and a poor result in another. Failure rate in patients with avascular necrosis was 23%.
Bowman et d 8 described the results of 75
noncemented Bateman UPF bipolar prostheses in 73 patients using the Larson hip rating at an average follow-up interval of approximately three years (range, 1-7 years). Excellent, good, or fair results were reported in 87.7%; poor results were reported in 12.3%. In the subgroup of 4 7 patients in whom the indication for surgery was degenerative joint disease, excellent, good, or fair results were reported in 91.5% of patients, and poor results were reported in 8.5%. The patients with poor results typically had roentgenographic evidence of femoral stem loosening and suffered from anteromedial thigh pain on weight bearing.
Bochner et al.' reported results on 120
consecutive cemented bipolar arthroplasties (Bateman and Osteonics, Allendale, New Jersey) inserted in patients with femoral neck fractures from 1975 to 1984. Eighty-two percent of the patients were available at a minimum two-year follow-up period and reported slight or no pain of the hip. Overall, 9 1% of the patients were not limited by pain, and there was no deterioration of the pain score over time.
Originally the femoral component of a bipolar hip arthroplasty was cemented or press-fit into the femoral canal. Loosening of cemented implants has led many orthopedic surgeons to seek alternatives to polymethylmethacrylate (PMMA) cement fixa- tients had died since surgery. and two patients had experienced failure of their prostheses with subsequent removal or revision.
The average follow-up period was 30 months, with a minimum of two years (range, 24-71 months). Forty-four of the components were placed in 40 male patients and 12 in ten female patients. The average age of all patients was 53.5 years, with a range of 23 to 95 years. Surgery was performed on 26 left hips and 30 right hips.
Bipolar prostheses were placed in 45 primary hip surgeries and 1 I revisions. All primary and revision bipolar arthroplasties were performed using a noncemented DePuy AML porous-coated femoral component. Preoperative diagnoses for the primary surgeries included 27 for avascular necrosis, 13 for femoral neck fracture, and five for degenerative joint disease. Preoperative diagnoses for the revision bipolar hip arthroplasties included eight failed cemented fixed acetabular total hip arthroplasties, two failed endoprostheses, and one failed cemented bipolar hip arthroplasty.
CLINICAL EVALUATION
Patients were evaluated clinically using both subjective and objective information, based on a modified Hams hip score system4' The modification of the Hams scoring system was in grading range of motion. Degrees of hip flexion, adduction. abduction, and external and internal rotation were summed for each patient. A sum of 210' or more received 5 points; l60"-209" received 4 points; 100"-159" received 3 points; 60"-99" received 2 points; 30"-59" received 1 point: and less than 30" received no points.
ROENTGENOGRAPHIC EVALUATION
In an effort to avoid bias, roentgenographic assessment of the bipolar prostheses was performed by a radiologist who had no knowledge of the patient's clinical history. Preoperative roentgenographs of the involved hip were used to determine the Singh index for an estimation of bone quality in primary hips. 64 The calcar-to-canal isthmus (CC) ratio described by D o d 7 was also measured from the preoperative roentgenograph as another estimation of bone quality in primary hips. The intercortex diameter was measured 10 cm below the most medial aspect of the lesser trochanter and divided by the intercortex diameter at the level of the most medial aspect of the lesser trochanter. The CC ratio is approximately 50% in normal young patients." This ratio increases as bone mass is lost because of the corresponding loss of medullary space and cortical bone. A CC ratio greater than 75% has been recommended to be a relative contraindication to noncemented a r t h r o p l a~t y .~~~~' if a preoperative roentgenograph was not available, a Singh index and CC ratio could not be recorded or included in the data.
Surgical fit of the femoral stem was estimated using the immediate postoperative roentgenograph. Portions of the implant below the lesser trochanter that were within I mm of the cortex were mapped and measured in millimeters. This was divided by the length of the total stem interface, in millimeters, below the lesser trochanter to obtain the percentage of the stem within I mm of the cortex. Because much of the bone above the level of the lesser trochanter is metaphyseal. such a measurement is not helpful.20 Less than 10% of the stem within 1 mm of the cortex was considered a poor surgical fit: 10% to 40%, a fair fit; and greater than 40%, a good fit. Varus-valgus alignment of the prosthesis was measured from the immediate postoperative roentgenograph as an additional assessment of surgical fit.
At the follow-up examination, anteroposterior roentgenographs of the pelvis and lateral roentgenographs of the involved hip were obtained. Zonal analysis was performed on the femoral component using the technique described by G r~e n~~ and Gruen el The presence or absence of a radiolucent area greater than 1 mm from the prosthesis was recorded for Zones I-VII.
The most proximal lateral zone was further divided into Zones IA and IB.
Parameters used to analyze bone remodeling were similar to those described by Hedley PI a/. 45 The presence or absence of neck roundoff, osteolysis, and corticocancellization at the proximal medial femoral cortex was recorded. Endosteal bone bridging between cortices and distal hypertrophy of the femoral cortex was analyzed at the distal end of the prosthesis. Heterotopic bone formation, if present, was evaluated and graded into Classes I-IV described by Brooker et a/.9 Subsidence of the prosthesis was measured in millimeters using immediate postoperative roentgenographs for comparison. Tables 3 and 4 for primary and revision hips. At a 30-month average follow-up period, nearly one-half (47%) of all primary bipolar hips and 54% of the revision bipolar prostheses experienced pain to some degree on ambulation. Eighteen percent and 27% complained of only thigh pain, 16% and 18% complained of only groin pain, and 13% and 9% stated they had both groin and thigh pain in primary and revision hip arthroplasties, respectively. A significant improvement in function was seen postoperatively in both primary and revision hips (Table 4 ). However, while function scores increased I 17% in primary cases and 49% in revision cases, postoperative function scores averaged only 34.0 and 29.2 (of a possible 47 points) for primary and revision cases, respectively.
RESULTS

CLINICAL FINDINGS
Hams hip scores for the primary bipolar
The results of physical examination for deformity and range of motion are shown in Table 5 . Four percent of all involved legs had a fixed adduction deformity, 7% had a leglength discrepancy greater than 3.2 cm, and none had fixed internal rotation in extension or a fixed flexion contracture greater than 30". Range of motion improved in 7 I% of all hips, remained the same in 16%, and decreased in 13%.
Two patients had a failed bipolar hip arthroplasty at the time of follow-up evaluation. One of these was performed as a revision of a twice-failed cemented total hip arthroplasty. This prosthesis was removed after five weeks due to infection, and a Girdlestone procedure was performed. The other known failure was due to recurrent dislocation. This prosthesis was revised (three weeks after initial placement) to a total hip arthroplasty using a fixed acetabular cup with the same femoral stem.
ROENTGENOGRAPHIC FINDINGS
On bone quality analysis, the CC ratio averaged 44.9% (range, 3%-77%). In two cases, the CC ratio was greater than the 75% value recommended as a contraindication for uncemented arthroplasty. The incidence for each grade of the Sin& index in the primary bipolar hip arthroplasties was as follows: Grade I, 5%; 11, 20%: 111. 20%; IV, 30%; V, 20%; VI, 5%. These data indicate significant osteoporosis in 45% of the hips. No apparent correlation was observed between preoperative bone quality and postoperative Hams hip scores. Analysis of the immediate postoperative roentgenographs for surgical fit (the percentage of the stem below the lesser trochanter that was within 1 mm of the cortex) indicated a good fit in 3 170 of the primary cases, a fair fit in 42% and a poor fit in 27%. Surgical fit in revision bipolar implants was good in 4590 of the cases, fair in 45%, and poor in 10%. Poor surgical fit did not correlate with a poor postoperative Hams hip score. Vans/ valgus alignment ranged from 130" to 153" (mean, 141") for primary hips and from 126" to 143" (mean, 138") for revision bipolar hips.
Zonal analysis of the femoral stem is shown in Table 6 . Radiolucency greater than 1 mm was present most frequently in Zone IA. This corresponds to the most proximal lateral area. Zone IV (the distal tip of the prosthesis) was the second most frequent site of radiolucency.
Roentgenographic analysis of bone remodeling is shown in Table 7 , indicating May. 1990 neck roundoff as the most common phenomenon in both primary and revision bipolar arthroplasty. The incidence for each class of heterotopic bone formation was as follows: Class I, 29%; 11, 13%; 111, 4%; and IV, 23%. Subsidence of the prosthesis was measured for both primary and revision hip arthroplasties. The range was 0-10 mm for the primary cases (mean, 2.7 mm) and 0-2 mm (mean, 0.6 mm) for revisions. Subsidence of greater than 3 mm was found in 29% of all primary hips with no correlation with surgical fit or CC ratio.
DISCUSSION
In the present study 56 noncemented porous-coated DePuy AML bipolar prostheses (45 primary, 11 revision) were placed in 50 patients. The mean Hams hip score in all patients treated with a primary procedure was 77. Clinical results of the present experience with porous-coated DePuy AML bipolar prostheses are discouraging when compared to total hip arthroplasty. Approximately one-third of all primary bipolar cases resulted in fair or poor results. This is unacceptable when compared to results of clinical studies of porous-coated total hip sys- In the present study, 47% of all primary bipolar hips experienced some degree of pain on ambulation. Thigh pain was experienced in 31% (18% thigh only plus 13% of cases that had both thigh and groin pain) of all primary bipolar hips. This is greater than the incidence of 18% reported by Callaghan et al." and 14% reported by Engh et al." for porous-coated total hip arthroplasties. However, of greater significance is the 29% incidence of groin pain (1 6% groin pain only plus 13% with both thigh and groin pain) experienced in the current series of primary bipolar hips.
The most frequent indication for primary bipolar placement was avascular necrosis (60%), followed by femoral neck fracture (29%) and degenerative joint disease (1 1%). Patients in whom the indication for surgery was a femoral neck fracture had the most favorable clinical results (higher Hams hip score) at the 30-month follow-up study. This may be due to the fact that bone quality and acetabular cartilage are typically in better Clinical Orthopaedics and Related Research condition in patients suffering trauma compared to those with metabolic or degenerative derangements.
Clinical results for revision total hip arthroplasty vary widely in the litera-tUre. 3.1Z.17,25.33,47.54.58.59 F ennig" reported a 90% success rate in a four-year follow-up study of 132 noncemented revision total hip arthroplasties. Hunter ef aL4' reported fair or poor results in approximately 75% of 140 cases of total hip revisions. Postoperative Hams hip scores of revision bipolar cases in the current series averaged 7 5.1.
In both primary and revision bipolar replacement, the group of patients that were older than 50 years scored higher on the Hams hip scale than patients younger than 50 years. This is likely a result of increased activity in younger patients.
Analysis of preoperative bone quality via the index of Singh ef al.64 revealed significant osteoporosis in 45% of primary cases. The mean CC ratio averaged 44.9% in primary cases and compares favorably with the CC ratios reported in other patient populations.*' The importance of surgical fit in noncemented femoral components has been emphasized by other^.^'.'^ Good surgical fit was achieved in only 3 1 % of the primary bipolar replacements in the current series. However, no correlation was observed between surgical fit and postoperative Hams hip scores. Zonal analysis revealed radiolucency most frequently in the proximal lateral femur and at the tip of the prosthesis. This is consistent with the results of others.39 Bone remodeling analysis revealed changes typically represented in the literature:45 neck roundoff, osteolysis, corticancellization, endosteal bone bridging, and distal cortical hypertrophy. Bone remodeling parameters did not appear to correlate with postoperative Harris hip scores. 
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